ABSTRACT In the adult the distributions of ventilation and of perfusion show the same directional dependence on gravity. In children, however, the distribution of ventilation in response to gravity is the reverse of that seen in adults. The aim of the current study was to determine whether perfusion showed the same reversal in children or followed the adult pattern. Distribution of perfusion was measured with intravenous technetium-99m macroaggregated albumin and distribution of ventilation with inhaled krypton-81m. Eighteen children and seven adults were studied; they had been referred for lung scanning for various respiratory problems. The effect of gravity was examined by giving aliquots of macroaggregated albumin and 8'mKr by inhalation to the subject in the supine and the lateral decubitus position. Counts in the dependent lung were compared with those in the upper lung. The dependent lung in the lateral decubitus position received more of the total perfusion than it did in the supine position in seven children with a normal chest radiograph (mean 70O%, range 4 8-109% more) and in 11 children with an abnormal radiograph (mean 3 4% (0 1-100%)). Ventilation, however, changed in the opposite direction, falling by 7 1% ( -3 2% to -12-8%) in five children with a normal chest radiograph and 11 -2% (-2-8% to -19-3%) in eight children with an abnormal radiograph. Fractional V/fractional 0 (an index of the ventilation:perfusion ratio) decreased in the dependent lung in the children when they moved from the supine to the decubitus position. The same directional change was recorded in adults, but it was significantly less than in the children, irrespective of whether the chest radiograph was abnormal. In children and adults with various respiratory problems the effect of posture on the distribution of perfusion is similar.
Introduction
Bronchospirometric' and radioactive gas"7 techniques have shown that under the influence of gravity ventilation and perfusion in the adult are distributed preferentially to the dependent lung in the lateral decubitus position. In children, however, ventilation is distributed preferentially to the upper lung, whether diseased or normal.89 Cohen et al " applied these findings by treating infants with unilateral pulmonary emphysema in the lateral decubitus position with the normal lung uppermost.
The effect of posture on the pulmonary distribution of perfusion in children has not, however, been investigated. We undertook the current study therefore to compare the distribution of ventilation and perfusion in the lateral decubitus position in children and adults.
Methods
We studied 18 children (age range 5 months to 11 years; 10 girls, eight boys) and seven adults (age range 29-59 years; five men, two women) during the course of routine ventilation-perfusion (V-<) scintigraphy for various indications (table) . All the studies were relevant to the patient's management and performed after routine referral from the clinician. As they did not require any increase in the dose of radioactivity or additional venepunctures (see "Methods") ethical approval was not sought. Bhuyan, Peters, Gordon, Davies, Helms normal chest radiograph and by 3 4 (range 0' 1 to I0 0) (p < 0-01) in 11 children with an abnormal chest radiograph. The increase in perfusion in children with a normal chest radiograph was significantly greater than in those with an abnormal chest radiograph (p < 005). Individual changes are shown in figure 1 for children and for adults. The postural changes that we observed in ventilation and perfusion occurred regardless of whether the dependent lung was more or less abnormal than the upper lung.
The relation between age and change in the distribution of ventilation when subjects moved from the supine to the lateral decubitus position is shown in figure 2 .
Fractional ventilation/fractional perfusion in the dependent lung fell from 0 97 (range 077-1 11) to 0 73 (0 63-0 86) after the change from the supine to the lateral decubitus position in the five children with a normal chest radiograph and from 1 09 (0-78-137) to 0.72 (0-52-12) (p < 0-01) in the eight with an abnormal chest radiograph. In the seven adults (normal and abnormal chest radiograph) the corresponding change was from 0 97 (0.77-1.1) to 0-89 (0-74-1 -01) (p < 0-05). This change was significantly less than that seen in children with a normal (p < 0 01) or abnormal (p < 0-001) chest radiograph.
Discussion
Krypton-81m and technetium-99m macroaggregated albumin are both well accepted agents for the noninvasive study of ventilation and perfusion respectively. The distribution of counts in static images containing 200K counts is, from the viewpoint of counting statistics, an accurate reflection of the distribution ofperfusion. The same applies to ventilation, though in very young children (less than 3-6 months of age) the higher ratio of ventilation to lung volume causes the counts to become more the arteriovenous pressure difference. This explains the gravity dependent distribution of perfusion. This gravitational gradient also applies to the lateral decubitus position." 12 Our results show that perfusion in the child shows a gravity dependent distribution similar to that seen in adults. Regional differences in transpulmonary pressure (the difference between intrapleural and intra-alveolar pressures) account for the regional distribution of ventilation. Alveolar pressure is more or less the same from the top to the bottom of the lung, whereas intrapleural pressure has a vertical gradient, becoming increasingly subatmospheric (negative) towards the top. As a result alveoli at the top of the lung have a higher volume at functional residual capacity (FRC) and are less compliant than units lower down the lung 1>15
On the other hand, with increasingly positive intrapleural pressure in the dependent lung regions peripheral airways tend to close. In adults chest wall and lung compliances are similar,'6 whereas in infants and children chest wall compliance is two to three times greater than lung compliance.'7 Peripheral airway closure is therefore particularly evident in young children, as mean intrapleural pressure is less negative than in older subjects. This is reflected in the higher closing volume found in young children.'8 These differences between children and adults have been postulated by Heaf et al8 as the reason for the lower ventilation in the dependent lung in children.
A further explanation is based on the effect of the intra-abdominal contents on the hemidiaphragms. Because the dependent diaphragm is more stretched in expiration in the lateral decubitus position it shows greater contractility, contributing to the greater ventilation in the dependent lung. This effect is likely to be less pronounced in children because the smaller abdominal dimensions should result in a much reduced preload on the dependent diaphragm. 8 An alternative explanation for the difference in the distribution of "mKr seen in children is that because of their higher ratio of ventilation to lung volume the 81mKr signal is no longer independent of lung volume and no longer therefore a marker for ventilation. '9 This only applies to the very young infant, however, yet the pattern of redistribution of ventilation in group.bmj.com on September 21, 2017 -Published by http://thorax.bmj.com/ Downloaded from response to gravity continues to be seen in children up to prepubertal age (fig 2) . In summary, this study has confirmed a fundamental difference in the effect of gravity on ventilation in children and adults lying on their side. The effect of gravity on perfusion, however, is qualitatively similar in children and adults. This apparent "imbalance" in children may have clinical importance. The postural changes that we observed in ventilation and perfusion occurred regardless ofwhether the dependent lung was more or less abnormal than the upper lung. Pathological conditions did not therefore appear to obscure this physiological phenomenon. The pathophysiological mechanisms and clinical implications require further investigation.
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